Multiple paternity in egg clutches of green turtles in Redang Island and Sabah Turtle Islands Park, Malaysia by Joseph, J. et al.
Aberystwyth University
Multiple paternity in egg clutches of green turtles in Redang Island and Sabah
Turtle Islands Park, Malaysia
Joseph, J.; Chong, J.; Shaw, Paul
Published in:
Journal of Sustainability Science and Management
Publication date:
2017
Citation for published version (APA):
Joseph, J., Chong, J., & Shaw, P. (2017). Multiple paternity in egg clutches of green turtles in Redang Island
and Sabah Turtle Islands Park, Malaysia. Journal of Sustainability Science and Management, 12(1), 12-22.
General rights
Copyright and moral rights for the publications made accessible in the Aberystwyth Research Portal (the Institutional Repository) are
retained by the authors and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the Aberystwyth Research Portal for the purpose of private study or
research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the Aberystwyth Research Portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
tel: +44 1970 62 2400
email: is@aber.ac.uk
Download date: 09. Jul. 2020
Journal of Sustainability Science and Management 
Volume 12 Number 1, June 2017: 12-22
ISSN: 1823-8556
© Penerbit UMT
MULTIPLE PATERNITY IN EGG CLUTCHES OF GREEN TURTLES 
IN REDANG ISLAND AND SABAH TURTLE ISLANDS PARK, MALAYSIA  
JUANITA JOSEPH1*, JU-LIAN CHONG2 AND PAUL W. SHAW3  
1Institute of Oceanography and Environment, 2School of Marine Science and Environment, Universiti Malaysia 
Terengganu, 21030 Kuala Nerus, Terengganu, Malaysia. 3Institute of Biological, Environmental & Rural Sciences, 
Aberystwyth University, SY23 3FL Aberystwyth, United Kingdom.
*Corresponding author: juanita@umt.edu.my
Introduction 
Previous studies have reported the frequency of 
multiple mating in green turtles, where it varies 
widely between populations (Parker et al., 1996; 
FitzSimmons, 1998; Lee & Hays, 2004; Wright 
et al., 2012; Ekanayake et al., 2013). Variation 
occurs as populations within a species can 
have different environmental and demographic 
variables  that influence factors such as breeding, 
mate availability, mate quality and mate 
competitiveness (Lasala et al., 2013). There 
are many explanations for why females might 
mate multiple times. The two broad categories 
of hypothesized benefits to explain why females 
mate with multiple males are material and 
genetic benefits (Walker, 1980; Reynolds, 1996). 
Lee & Hays (2004) could not detect the benefits 
of multiple mating to female green turtles and 
suggested that environmental factors create 
substantial variation in reproductive success. 
They suggested that multiple paternity in sea 
turtles is largely a result of male coercion, where 
females have given in to harassment as a means 
of reducing their overall costs. Lasala et al., 
(2013) reported that there was no relationship 
between hatching success and the number of 
fathers per clutch, suggesting that more fathers 
add to the variability but not to viability of 
hatchlings. The mating pattern of green turtle 
populations in Malaysia is worth investigating 
as it is an important component of life-history 
traits and provide information on the population 
structure relevant for conservation plans. Except 
for the hawksbill turtles (Joseph & Shaw, 2011), 
currently there is no studies on the mating 
pattern of the green turtles in Malaysia.  
In Malaysia, population decline of turtles are 
attributed to the long history of egg exploitation, 
commercial hunting and harvesting of sea 
turtles at foraging grounds by illegal fishermen, 
incidental captures in fishing gear and loss of 
breeding habitats. In this study, we investigated 
the multiple paternity in egg clutches of green 
turtles from two major rookeries in Malaysia. 
Abstract: The green turtle, Chelonia mydas, has suffered from population declines 
throughout its range, mainly due to a continuous over-exploitation of eggs and adults. 
To better understand the mating strategy of this endangered animal, paternity in egg 
clutches of 36 green turtles from two major rookeries in Malaysia were investigated using 
microsatellite markers. A high incidence of multiple paternity for the green turtles from 
Sabah was discovered, with 71% of egg clutches showing evidence of being sired by at 
least two different males. However, for the egg clutches from Terengganu, lower incidences 
of multiple paternity (36%) were recorded. This study also documents the occurrence 
of sperm storage in the green turtles from both sites. Similar patterns of paternity were 
observed across successive clutches, consistent with the hypothesis of sperm being stored 
from mating(s) prior to nesting and being used to fertilize all subsequent clutches of eggs 
for that season. These data provide the first examples of multiple paternity and sperm 
storage in the green turtle populations in Malaysia.  
Keywords: Endangered species, mating, microsatellites, marine turtles, sperm storage, 
sustainability. 
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The Sabah Turtle Islands situated at the Sulu Sea 
provide an important nesting habitat for the green 
turtle in Southeast Asia with nesting densities for 
the last five years ranging from 10,000 to 15,000 
per year (Sabah Parks, unpublished data). All 
nests at Sabah Turtle Islands were transferred 
to a beach hatchery since 1966. Starting 1997, 
the hatcheries were partially shaded to ensure 
the production of balanced sex ratios in the 
population (Tiwol & Cabanban, 2000). On 
the other hand, Redang Island, Terengganu 
which is situated in the South China Sea is an 
important nesting rookery for the green turtles 
on the Malay Peninsula with nesting densities 
for the last five years ranging from 1000 to 3000 
per year (Terengganu Fisheries Department, 
unpublished data), and the only nesting beach 
in Malaysia that conduct in-situ egg incubation. 
In addition, Dethmer et al. (2006) confirmed the 
spatial genetic differences between the green 
turtle population of Sabah Turtle Islands and 
Redang Island. 
This study used microsatellite DNA markers 
to document patterns of paternity within broods 
of the green turtles, by genotyping females and 
their offspring at five highly polymorphic loci. 
The aims of this study were to (i) determine 
the multiple paternity in egg clutches of   green 
turtles from the two major breeding sites in 
Malaysia and (ii) to determine if the same 
male(s) sired successive clutches of individual 
females over repeated laying periods. 
Materials and Methods
Sampling from Nesting Females and Hatchlings 
Samples were collected at the Sabah Turtle 
Islands Park (6o09’N, 118o03’E) and Redang 
Island, Terengganu (05o49’N, 103o00E), 
Malaysia (Figure 1) from March 2003 to May 
2004. Blood samples were collected from 36 
adult females. Of these, 14 females were from 
Sabah and 22 females were from Terengganu. 
Multiple clutches laid within a nesting season 
were obtained from three females from Sabah 
(S10, S11 and S12) and four females from 
Terengganu (T1, T2, T4 and T8), with 2 – 6 
laying events separated by 9 to 43 days. Blood 
samples were collected from the dorsal cervical 
sinus of each female after egg laying, following 
Joseph and Shaw (2011). For turtles not tagged 
from a previous nesting season, Inconel tags 
(style 681; National Band and Tag Co., Newport, 
KY, USA) were applied in the trailing edges of 
both front flippers for identification. 
Figure 1: Map of Malaysia showing the location of sampling sites (Sabah Turtle Islands Park and Redang 
Island) for the paternity study
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Hatchlings emerged after 45 – 60 days of 
incubation, and were randomly chosen from 
each nest.  Not more than 0.1 ml blood was 
taken from the hatchlings’ dorsal cervical sinus 
using 1cc disposable insulin syringe and stored 
in a tube containing lysis buffer (Dutton 1996). 
All hatchlings were released immediately after 
blood collection.  
DNA Extraction and Amplification
Total genomic DNA was extracted using CTAB 
protocol (Bruford et al., 1992). Genotype profiles 
of females and their clutches were obtained 
for five microsatellite loci – Cm3, Cm58 and 
Cm72 known to be polymorphic in C. mydas 
(FitzSimmons et al., 1995). The fourth locus, 
nCm84 (FitzSimmons, pers. comm.) was a shorter 
version of the previous Cm84 (FitzSimmons et 
al., 1995), and the fifth locus, Cc7 was isolated 
from Caretta caretta (FitzSimmons, 1998). 
The PCR reactions to amplify microsatellites 
were based on the protocol by Joseph and Shaw 
(2011). Amplified products were resolved on 
6% denaturing polyacrylamide gels run on 
an ALFexpress IITM (Amersham Pharmacia 
Biotech) automated sequencer, with the product 
size being determined against internal standard 
size markers using Fragment Manager v1.2 
(Amersham Pharmacia Biotech). Products were 
run with samples of adult females run adjacent 
to samples of their offspring. 
Statistical Analyses
Genotype frequencies of nesting females at each 
locus were tested for departure from the Hardy-
Weinberg equilibrium and each pair of loci were 
tested for genotypic linkage disequilibrium 
using GENEPOP (Rousset, 2008). Null alleles 
were checked using Micro-Checker (Van 
Oosterhout et al., 2004). Maternal genotypes 
were determined directly from the sampled 
female and in her offsprings. Paternal alleles 
were inferred from offspring genotypes once 
maternal alleles were accounted for. To assess 
the number of fathers in a clutch, a multi-locus 
approach was used to reconstruct the paternal 
genotypes and therefore assign individual 
offspring to individual males (DeWoody et al., 
2000). For confirmation of paternal genotypes, 
maternal and offspring genotypes were then 
analysed using GERUD 2.0 (Jones, 2005), 
as the software GERUD has been used for 
parentage analysis in many natural populations 
(e.g., Jensen et al., 2006; Yue & Chang, 2010; 
Joseph & Shaw, 2011; Duran et al., 2015). To 
test for the ability to detect multiple paternity, 
mean relatedness within clutches was calculated 
using MER (Wang, 2004) and used to estimate 
effective number of mates (Me - after Bretman 
& Tregenza, 2005).
Results and Discussion
All five loci were highly polymorphic, with 7 to 
25 alleles, and expected heterozygosity from 0.69 
to 0.91 (Table 1). No loci exhibited significant 
departure from Hardy-Weinberg equilibrium 
(P>0.05), and no linkage disequilibrium was 
detected between loci. Null alleles were not 
detected at any of the five loci used.
 Reconstruction of paternal genotypes 
within clutches using multi locus parsimony 
(confirmed by outcomes in GERUD 2.0 and 
MER) had identified that 71% and 36% of all 
egg clutches from Sabah and Terengganu, 
respectively were being sired by more than one 
male  (Table 2). The green turtle clutches from 
Sabah were sired by maximum of two possible 
fathers, whereas three possible fathers were 
detected in the egg clutches from Terengganu 
(T4 & T11). Two patterns of mating were found, 
either females mated with only one male or 
alternatively, females mated with multiple males 
(two or three males) to fertilize her clutches. In 
all cases of multiple paternity, evidence of three 
or more paternal alleles were found in at least 
four of the five loci. With the loci and sample 
sizes used there is high confidence that the 
detection of multiple paternity is accurate: allele 
frequencies calculated from adult females give 
a 5-locus exclusion probability, with one parent 
known, of 0.99 (GERUD 2.0).
The results obtained support the hypothesis 
of multiple paternity in the Malaysian green turtle 
mating patterns. The results are consistent with 
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behavioural observations of multiple matings 
in the green turtle (pers. observations), and in 
agreement with previous paternity studies in sea 
turtles (e.g. Parker et al., 1996; FitzSimmons, 
1998; Kichler et al., 1999; Hoekert et al., 2002; 
Lee & Hays 2004; Theissinger et al., 2009; 
Joseph & Shaw, 2011; Stewart & Dutton, 2011; 
Ekanayake et al., 2013, Duran et al., 2015). The 
present study thus suggests that multiple mating 
by females resulting in multiple paternity might 
be the dominant breeding strategy in green 
turtles, and an important factor shaping the 
mating system of the green turtle populations in 
Malaysia. 
Multiple paternity was common in Sabah, 
with 71% of the nests exhibiting multiple 
fathers. This level of multiple paternity exceeds 
the level reported in other studies of green turtle 
(Parker et al., 1996; FitzSimmons, 1998; Lee 
& Hays, 2004; Wright et al., 2012; Ekanayake 
et al., 2013). As compared to Sabah, multiple 
paternity in Terengganu were lower, with only 
36% of all clutches exhibiting multiple fathers. 
Despite the agreement of multiple paternity in 
the green turtle, all previous studies and the 
present study show a wide range of different 
incidences of multiple paternity. Several factors 
could have influenced the incidence of multiple 
paternity in individual turtle populations such 
as breeding sex ratio (Bollmer et al., 1999) 
and sperm competition (FitzSimmons, 1998). 
The present study demonstrates variation in the 
incidence of multiple paternity between two 
nesting populations in the same geographical 
area (Malaysia), which might be related to 
nesting densities (i.e. the natural population 
size). A lower breeding population size is likely 
to reduce nesting density and also reduces the 
chances of a female to mate with more than one 
male. The population in Sabah Turtle Islands 
Park is much bigger and more stable compared 
to the population in Redang Island,Terengganu. 
Furthermore, the Sabah population is considered 
to be part of a larger population with nesting 
grounds extending to the Philippines Turtle 
Islands (Moritz et al., 2002). In addition, in 
larger female breeding populations such as 
Sabah, male turtles show fidelity to particular 
courting sites, moving very little during the 
mating period (Limpus 1993; FitzSimmons et 
al., 1997a; 1997b). This would also increase the 
opportunity of multiple matings. Besides that, a 
longer breeding season in Sabah (all year round) 
might also increase the incidences of multiple 
matings in the population.
Paternity Analysis within Successive Clutches 
from the Same Nesting Females
Multiple clutches per female were observed for 
seven individual green turtles (between 2 and 6 
successive laying events) throughout the nesting 
season. In all cases tested, the same paternal 
alleles as observed in the first clutch at all five 
loci were also detected among the offspring 
Table 1: Number of alleles, expected heterozygosity (H
E
) and exclusion probability for the five microsatellite loci 
used for paternity analysis in the green turtles from Sabah Turtle Islands Park and Redang Island, Terengganu
Sabah Turtle Islands Park Redang Island, Terengganu
Locus Number
of alleles
H
E
Exclusion 
Probability 
(one parent 
known with 
certainty)
Number 
of alleles 
H
E
Exclusion 
Probability 
(one parent known 
with certainty)
Cm3 13 0.89 0.82 17 0.86 0.82
Cm72 15 0.87 0.84 25 0.91 0.88
nCm84 13 0.85 0.78 16 0.89 0.83
Cm58 7 0.69 0.62 11 0.73 0.70
Cc7 16 0.90 0.83 15 0.86 0.79
Multi-locus 12.8 0.84 0.99 16.8 0.85 0.99
2.indd   15 5/28/17   3:51 PM
Juanita Joseph et al.    16
J. Sustain. Sci. Manage. Volume 12(1) 2017: 12-22
Ta
bl
e 
2:
 P
ar
en
ta
l g
en
ot
yp
es
 a
nd
 n
um
be
r 
of
 h
at
ch
li
ng
s 
id
en
ti
fi
ed
 to
 e
ac
h 
si
re
, w
it
hi
n 
gr
ee
n 
tu
rt
le
 c
lu
tc
he
s 
at
 fi
ve
 m
ic
ro
sa
te
ll
it
e 
lo
ci
. A
ll
el
e 
de
si
gn
at
io
ns
 r
ef
er
 to
 
th
e 
ba
se
-p
ai
r 
le
ng
th
 o
f 
th
e 
al
le
le
s
a)
 
G
re
en
 tu
rt
le
 f
ro
m
 S
ab
ah
 T
ur
tl
e 
Is
la
nd
s 
P
ar
k
F
em
al
e 
ID
M
at
er
na
l g
en
ot
yp
es
D
at
e 
of
 
ne
st
in
g
In
fe
rr
ed
 p
at
er
na
l g
en
ot
yp
es
N
o.
 o
f
T
ot
al
 
no
. o
f 
m
al
es
C
m
3
C
m
72
nC
m
84
C
m
58
C
c7
C
m
3
C
m
72
nC
m
84
C
m
58
C
c7
ha
tc
hl
in
gs
as
sa
ye
d
S
1
17
0/
18
2
25
4/
26
0
19
0/
20
6
13
2/
13
8
17
5/
19
9
01
/0
4/
03
16
8/
18
4
17
2/
18
2
25
4/
28
6
25
2/
26
8
20
6/
20
8
19
6/
20
0
13
6/
13
8
13
6/
13
8
16
9/
17
3
20
9/
21
5
15 13
2
S
2
16
2/
18
2
23
8/
27
4
19
8/
20
6
13
0/
13
8
18
3/
19
3
01
/0
5/
03
16
8/
17
0
17
2/
18
8
25
0/
28
0
25
0/
25
0
20
6/
21
6
20
6/
20
6
13
0/
13
6
13
8/
14
2
16
9/
17
1
17
5/
17
9
32 8
2
S
3
15
6/
19
0
25
0/
27
8
19
6/
19
8
13
2/
14
4
17
7/
19
5
20
/0
3/
03
17
2/
17
4
15
6/
18
6
27
4/
28
6
27
8/
27
8
19
2/
20
4
20
2/
20
2
13
0/
13
6
13
2/
14
0
18
5/
19
9
17
7/
19
9
24 9
2
S
4
16
8/
17
4
26
0/
29
0
20
8/
22
0
13
8/
14
0
20
5/
21
1
01
/0
5/
03
18
6/
18
8
16
8/
16
8
27
4/
29
0
25
0/
26
8
19
8/
21
2
19
8/
21
6
13
6/
14
0
14
0/
14
0
17
3/
18
1
17
3/
17
5
32 5
2
S
5
17
4/
18
4
23
0/
29
0
19
8/
21
2
13
2/
13
8
17
3/
19
3
07
/0
4/
03
16
8/
16
8
18
4/
18
4
27
4/
29
0
24
2/
27
8
19
0/
20
4
20
0/
22
0
13
6/
13
8
13
8/
14
4
18
5/
18
7
17
3/
17
9
23 12
2
S
6
15
4/
18
8
24
0/
25
4
20
0/
21
0
13
2/
13
8
16
9/
22
1
04
/0
5/
03
16
8/
18
8
24
8/
27
8
21
6/
19
8
13
8/
14
4
17
3/
18
5
39
1
S
7
16
2/
17
2
27
0/
29
0
19
0/
21
2
13
0/
13
4
20
5/
20
9
08
/0
4/
03
17
6/
18
2
24
0/
24
8
20
8/
21
4
13
0/
13
8
18
3/
20
9
40
1
S
8
16
8/
18
8
25
0/
28
2
19
4/
20
6
13
2/
13
6
17
5/
20
1
04
/0
5/
03
15
2/
17
6
16
8/
16
8
25
0/
26
6
23
8/
24
4
20
6/
21
0
20
4/
20
4
13
0/
13
6
13
6/
13
6
18
5/
19
9
18
5/
18
9
17 8
2
S
9
17
0/
17
2
24
8/
27
6
20
4/
21
0
13
2/
13
2
17
3/
17
9
05
/0
5/
03
18
4/
18
8
16
8/
18
0
23
2/
25
0
24
8/
28
0
20
2/
20
4
19
8/
20
4
13
8/
13
8
13
6/
13
8
18
5/
18
5
16
9/
17
9
27 13
2
S
10
15
6/
17
6
23
8/
24
4
19
8/
20
8
13
0/
13
8
17
5/
18
7
11
/0
4/
03
16
8/
16
8
26
8/
27
0
18
4/
19
8
13
8/
14
6
16
9/
17
1
40
1
S
11
16
8/
19
0
27
4/
28
2
21
2/
21
8
13
2/
13
6
18
3/
20
7
06
/0
4/
03
18
4/
18
6
24
0/
24
2
19
4/
19
8
13
6/
13
6
18
3/
20
1
40
1
S
12
16
0/
18
4
24
0/
29
0
18
8/
20
8
13
4/
13
6
16
9/
17
5
29
/0
4/
03
17
0/
18
4
17
0/
17
0
28
6/
29
0
25
0/
28
6
20
0/
22
2
18
8/
22
2
13
2/
13
4
13
2/
13
6
16
9/
16
9
18
5/
19
7
23 16
2
S
13
16
2/
18
2
25
0/
28
0
19
8/
20
6
13
2/
13
8
18
3/
19
3
30
/0
6/
03
16
8/
17
2
17
0/
18
8
24
0/
26
0
24
0/
27
4
21
2/
21
6
20
6/
21
6
13
8/
14
2
14
2/
14
4
16
9/
17
1
16
9/
17
5
15 10
2
S
14
15
6/
15
6
24
8/
28
0
20
4/
20
8
13
4/
14
4
18
3/
20
9
11
/0
5/
03
16
8/
19
0
16
2/
17
4
23
8/
24
8
24
2/
24
8
20
4/
21
6
20
8/
21
6
13
4/
13
6
13
6/
14
4
17
1/
19
3
17
7/
19
3
22 17
2
2.indd   16 5/28/17   3:51 PM
MULTIPLE PATERNITY IN EGG CLUTCHES OF GREEN TURTLES IN REDANG ISLAND 17
J. Sustain. Sci. Manage. Volume 12(1) 2017: 12-22
b)
 
G
re
en
 tu
rt
le
 f
ro
m
 R
ed
an
g 
Is
la
nd
, T
er
en
gg
an
u
F
em
a
le
 
ID
M
a
te
rn
a
l 
g
en
o
ty
p
es
D
a
te
 o
f 
n
es
ti
n
g
P
a
te
rn
a
l 
g
en
o
ty
p
es
N
o
 o
f 
h
a
tc
h
li
n
g
s 
a
ss
a
y
ed
T
o
ta
l 
n
o
. 
o
f 
m
a
le
s
C
m
3
C
m
7
2
n
C
m
8
4
C
m
5
8
C
c7
C
m
3
C
m
7
2
n
C
m
8
4
C
m
5
8
C
c7
T
1
1
5
8
/1
7
6
2
4
6
/2
7
8
2
0
2
/2
0
2
1
3
6
/1
4
4
1
6
9
/1
9
1
0
8
/0
6
/0
3
1
6
2
/1
7
6
2
4
0
/2
8
0
2
0
6
/2
1
0
1
3
2
/1
3
4
1
6
9
/1
8
3
3
4
1
T
2
1
6
0
/1
7
4
2
5
2
/2
7
4
1
8
2
/1
9
2
1
3
0
/1
3
4
1
8
5
/1
8
5
0
6
/0
5
/0
3
1
6
8
/1
8
4
1
6
0
/1
7
0
2
4
2
/2
8
6
2
2
6
/3
0
2
2
0
6
/2
1
8
1
9
2
/2
0
0
1
3
0
/1
3
6
1
3
4
/1
3
6
1
7
1
/1
8
1
1
6
9
/1
8
3
2
8
1
2
2
T
3
1
7
4
/1
8
4
2
7
8
/3
0
6
2
0
0
/2
1
8
1
3
2
/1
3
8
1
7
7
/1
8
7
1
8
/0
5
/0
3
1
7
4
/1
8
4
2
4
4
/2
8
6
2
0
0
/2
1
4
1
2
8
/1
4
6
1
8
5
/1
9
5
3
9
1
T
4
1
7
0
/1
9
4
2
5
0
/2
8
4
1
9
8
/2
0
2
1
3
4
/1
4
2
1
7
7
/1
8
1
11
/0
5
/0
3
1
5
8
/1
7
0
1
8
4
/1
7
0
1
5
8
/1
5
8
2
5
8
/2
7
8
2
8
4
/2
9
2
2
7
8
/2
7
8
1
9
4
/2
1
0
2
0
6
/2
1
0
2
0
2
/2
1
0
1
3
4
/1
3
6
1
3
6
/1
4
2
1
3
4
/1
3
8
1
6
5
/1
8
5
1
8
5
/1
9
1
1
8
1
/1
8
1
1
8
1
2
1
0
3
T
5
1
6
8
/1
7
2
2
7
4
/3
0
4
1
9
4
/2
0
2
1
3
6
/1
3
8
1
6
9
/1
8
3
2
5
/0
5
/0
3
1
6
8
/1
8
8
2
7
4
/2
8
8
2
0
2
/2
0
6
1
3
0
/1
4
4
1
7
7
/1
8
3
3
3
1
T
6
1
5
6
/1
6
8
2
7
0
/2
8
6
2
0
0
/2
0
6
1
3
4
/1
3
8
1
8
9
/1
8
9
0
2
/0
6
/0
3
1
7
4
/1
8
0
1
6
8
/1
8
4
2
5
0
/2
5
4
2
8
6
/2
8
6
2
0
6
/2
0
6
2
0
6
/2
1
0
1
4
2
/1
4
4
1
3
6
/1
4
2
1
7
7
/1
8
3
1
7
1
/1
8
1
2
2
1
7
2
T
7
1
5
4
/1
8
4
2
8
0
/2
9
2
1
9
4
/2
0
2
1
3
0
/1
4
2
1
7
1
/1
7
7
1
3
/0
6
/0
3
1
5
6
/1
7
4
1
5
6
/1
7
8
2
7
0
/2
7
0
2
8
0
/2
9
8
1
8
4
/1
9
8
2
1
0
/2
1
0
1
3
4
/1
3
8
1
3
6
/1
4
2
1
9
3
/1
7
1
1
8
3
/1
8
5
2
8
1
2
2
T
8
1
6
6
/1
9
6
2
4
8
/3
0
0
2
0
0
/2
0
6
1
3
0
/1
3
8
1
7
1
/1
8
5
2
2
/0
5
/0
3
1
8
0
/1
9
4
2
7
8
/3
0
0
1
9
2
/2
1
2
1
3
0
/1
3
2
1
7
9
/1
8
5
3
2
1
T
9
1
5
4
/1
5
6
2
2
4
/2
4
0
1
8
6
/1
9
0
1
3
0
/1
3
2
1
6
9
/1
6
9
0
6
/0
7
/0
3
1
5
6
/1
7
0
2
4
6
/2
8
2
2
1
8
/2
9
0
1
3
0
/1
3
6
1
6
9
/1
7
9
3
9
1
T
1
0
1
5
8
/1
8
2
2
4
4
/2
8
0
2
0
0
/2
0
6
1
3
0
/1
3
8
1
8
1
/1
8
7
1
6
/0
3
/0
4
1
5
8
/1
7
0
1
8
2
/1
9
0
2
4
0
/2
8
0
2
4
4
/2
5
0
2
0
6
/2
1
4
2
0
0
/2
1
4
1
4
4
/1
4
4
1
3
6
/1
4
4
1
8
3
/1
9
1
1
7
5
/1
8
1
1
2
2
8
2
T
11
1
6
8
/1
7
0
2
4
2
/2
8
2
1
9
8
/2
1
0
1
3
0
/1
3
6
1
7
1
/1
8
7
0
4
/0
3
/0
4
1
5
2
/1
5
6
1
5
6
/1
7
4
1
6
8
/1
6
8
2
5
4
/2
7
8
2
7
4
/2
8
8
2
7
8
/2
8
8
2
0
6
/2
1
2
1
9
8
/2
0
8
1
9
2
/1
9
2
1
3
4
/1
4
0
1
3
8
/1
4
0
1
3
8
/1
3
8
1
7
5
/1
8
3
1
7
7
/2
0
3
1
6
9
/1
7
7
2
2
1
3 5
3
T
1
2
1
8
4
/1
9
0
2
7
4
/2
7
6
1
9
0
/2
1
8
1
3
6
/1
3
8
1
7
3
/2
0
1
1
0
/0
3
/0
4
1
5
4
/1
5
8
1
8
0
/1
9
2
2
5
2
/2
7
4
2
7
4
/2
8
0
1
9
8
/2
0
6
1
9
8
/2
1
0
1
3
4
/1
3
6
1
3
2
/1
3
6
1
6
9
/1
7
3
1
8
7
/1
9
5
2
0
1
8
2
T
1
3
1
5
8
/1
8
4
2
5
0
/2
6
6
2
0
0
/2
0
0
1
3
2
/1
3
6
1
7
9
/1
9
5
0
3
/0
3
/0
4
1
6
8
/1
7
8
1
6
8
/1
7
2
2
2
4
/2
6
2
2
2
4
/2
5
0
1
9
2
/2
0
6
2
0
0
/2
0
6
1
3
6
/1
4
4
1
3
6
/1
4
2
1
8
5
/1
9
1
1
8
5
/1
8
5
3
0 9
2
T
1
4
1
5
6
/1
6
8
2
5
8
/2
8
0
1
8
4
/2
0
6
1
3
6
/1
4
2
1
6
9
/1
7
5
11
/0
4
/0
4
1
6
6
/1
8
8
2
2
4
/2
5
2
1
8
4
/2
1
4
1
3
6
/1
4
4
1
8
1
/2
1
9
3
9
1
T
1
5
1
5
8
/1
9
0
2
8
0
/2
9
0
1
8
4
/1
9
8
1
3
2
/1
3
6
1
6
9
/1
7
1
2
5
/0
2
/0
4
1
5
8
/1
7
0
2
3
4
/2
8
0
1
9
2
/2
0
6
1
3
6
/1
4
2
1
8
1
/1
9
9
4
0
1
T
1
6
1
5
8
/1
6
8
2
7
8
/2
7
8
1
9
8
/2
0
4
1
3
6
/1
3
8
1
8
3
/2
0
5
0
1
/0
3
/0
4
1
8
2
/1
8
8
2
8
8
/3
0
0
2
1
2
/2
2
0
1
3
0
/1
3
6
1
6
3
/1
8
3
4
0
1
T
1
7
1
5
8
/1
7
4
2
5
2
/3
0
0
1
8
2
/1
8
2
1
3
8
/1
4
8
1
6
9
/1
8
1
2
1
/0
3
/0
4
1
7
4
/1
7
8
2
8
6
/3
0
0
1
9
0
/2
1
6
1
3
0
/1
4
6
1
9
1
/1
9
7
3
8
1
T
1
8
1
7
6
/1
8
2
2
7
4
/2
8
0
1
9
6
/2
0
4
1
3
6
/1
4
6
1
8
1
/2
0
1
2
2
/0
3
/0
4
1
5
6
/1
6
0
2
4
0
/3
0
4
1
9
6
/2
1
4
1
3
4
/1
3
6
1
9
5
/2
0
3
3
9
1
T
1
9
1
7
4
/1
7
4
2
4
2
/3
0
0
1
9
6
/2
0
4
1
3
0
/1
3
6
1
7
1
/1
8
1
3
0
/0
3
/0
4
1
7
4
/1
6
4
2
7
2
/3
0
0
2
0
4
/2
1
8
1
3
6
/1
4
6
1
7
1
/2
0
3
4
0
1
T
2
0
1
6
0
/1
7
4
2
3
0
/2
4
6
2
0
6
/2
2
0
1
3
2
/1
3
8
1
6
9
/1
9
1
1
0
/0
4
/0
4
1
7
4
/1
8
2
2
2
4
/2
4
6
1
9
8
/2
0
6
1
3
8
/1
4
2
1
7
5
/1
9
1
3
8
1
T
2
1
1
6
8
/1
7
0
2
5
0
/2
8
4
1
9
4
/1
9
4
1
2
8
/1
4
0
1
8
1
/1
8
3
2
4
/0
3
/0
4
1
7
0
/1
9
2
2
4
0
/2
7
2
2
0
2
/2
1
0
1
3
6
/1
4
0
1
7
5
/1
8
3
2
0
1
T
2
2
1
7
2
/1
7
2
2
3
4
/2
7
8
1
9
8
/2
1
4
1
3
4
/1
4
0
1
8
1
/1
8
9
0
5
/0
4
/0
4
1
8
4
/1
9
2
2
2
4
/2
9
4
1
9
8
/2
0
2
1
2
8
/1
3
4
1
6
9
/1
8
1
2
0
1
2.indd   17 5/28/17   3:51 PM
Juanita Joseph et al.    18
J. Sustain. Sci. Manage. Volume 12(1) 2017: 12-22
Ta
bl
e 
3:
 P
ar
en
ta
l g
en
ot
yp
es
 o
f 
gr
ee
n 
tu
rt
le
 c
lu
tc
he
s 
fr
om
 S
ab
ah
 T
ur
tl
e 
Is
la
nd
s 
P
ar
k 
(S
) 
an
d 
R
ed
an
g 
Is
la
nd
, T
er
en
gg
an
u 
(T
) 
at
 fi
ve
 m
ic
ro
sa
te
ll
it
e 
lo
ci
 w
it
h 
th
ei
r 
su
cc
es
si
ve
 c
lu
tc
he
s 
fo
r 
th
e 
ne
st
in
g 
se
as
on
. I
ns
ta
nc
es
 o
f 
m
ul
ti
pl
e 
pa
te
rn
it
y 
fo
r 
a 
cl
ut
ch
 a
re
 in
di
ca
te
d 
in
 b
ol
d.
 M
al
es
 a
re
 d
es
ig
na
te
d 
as
 ‘
m
’
F
em
al
e 
ID
M
at
er
na
l g
en
ot
yp
es
C
lu
tc
h
P
at
er
na
l g
en
ot
yp
es
N
o.
 o
f
H
at
ch
lin
gs
 
as
sa
ye
d
C
m
3
C
m
72
nC
m
84
C
m
58
C
c7
C
m
3
C
m
72
nC
m
84
C
m
58
C
c7
S
10
15
6/
17
6
23
8/
24
4
19
8/
20
8
13
0/
13
8
17
5/
18
7
11
/0
4/
03
16
8/
16
8
26
8/
27
0
18
4/
19
8
13
8/
14
6
16
9/
17
1
40
06
/0
5/
03
16
8/
16
8
26
8/
27
0
18
4/
19
8
13
8/
14
6
16
9/
17
1
40
S
11
16
8/
19
0
27
4/
28
2
21
2/
21
8
13
2/
13
6
18
3/
20
7
06
/0
4/
03
18
4/
18
6
24
2/
24
0
19
4/
19
8
13
6/
13
6
18
3/
20
1
40
08
/0
5/
03
18
4/
18
6
24
2/
24
0
19
4/
19
8
13
6/
13
6
18
3/
20
1
40
20
/0
6/
03
18
4/
18
6
24
2/
24
0
19
4/
19
8
13
6/
13
6
18
3/
21
0
31
S1
2
16
0/
18
4
24
0/
29
0
18
8/
20
8
13
4/
13
6
16
9/
17
5
29
/0
4/
03
17
0/
18
4
17
0/
17
0
28
6/
29
0
25
0/
28
6
20
0/
22
2
18
8/
22
2
13
2/
13
4
13
2/
23
6
16
9/
16
9
18
5/
19
7
23
 (
m
1)
16
 (
m
2)
10
/0
5/
03
17
0/
18
4
17
0/
17
0
28
6/
29
0
25
0/
28
6
20
0/
22
2
18
8/
22
2
13
2/
13
4
13
2/
23
6
16
9/
16
9
18
5/
19
7
26
 (
m
1)
14
 (
m
2)
02
/0
6/
03
17
0/
18
4
17
0/
17
0
28
6/
29
0
25
0/
28
6
20
0/
22
2
18
8/
22
2
13
2/
13
4
13
2/
23
6
16
9/
16
9
18
5/
19
7
8 
 (
m
1)
15
 (
m
2)
T
1
15
8/
17
6
24
6/
27
8
20
2/
20
2
13
6/
14
4
16
9/
19
1
08
/0
6/
03
16
2/
17
6
24
0/
28
0
20
6/
21
0
13
2/
13
4
16
9/
18
3
34
18
/0
6/
03
16
2/
17
6
24
0/
28
0
20
6/
21
0
13
2/
13
4
16
9/
18
3
40
07
/0
7/
03
16
2/
17
6
24
0/
28
0
20
6/
21
0
13
2/
13
4
16
9/
18
3
40
T
2
16
0/
17
4
25
2/
27
4
18
2/
19
2
13
0/
13
4
18
5/
19
5
06
/0
5/
03
18
4/
16
8
16
0/
17
0
24
2/
28
6
22
6/
30
2
20
6/
21
8
19
2/
20
0
13
0/
13
6
13
4/
13
6
17
1/
18
1
16
9/
19
3
28
 (
m
1)
12
 (
m
2)
28
/0
5/
03
18
4/
16
8
16
0/
17
0
24
2/
28
6
22
6/
30
2
20
6/
21
8
19
2/
20
0
13
0/
13
6
13
4/
13
6
17
1/
18
1
16
9/
19
3
22
 (
m
1)
18
 (
m
2)
29
/0
6/
03
18
4/
16
8
16
0/
17
0
24
2/
28
6
22
6/
30
2
20
6/
21
8
19
2/
20
0
13
0/
13
6
13
4/
13
6
17
1/
18
1
16
9/
19
3
14
 (
m
1)
23
 (
m
2)
2.indd   18 5/28/17   3:51 PM
MULTIPLE PATERNITY IN EGG CLUTCHES OF GREEN TURTLES IN REDANG ISLAND 19
J. Sustain. Sci. Manage. Volume 12(1) 2017: 12-22
T
4
17
0/
19
4
25
0/
28
4
19
8/
20
2
13
4/
14
2
17
7/
18
1
11
/0
5/
03
15
8/
17
0
17
0/
18
4
15
8/
15
8
25
8/
27
8
28
4/
29
2
27
8/
27
8
19
4/
21
0
20
6/
21
0
20
2/
21
0
13
4/
13
6
13
6/
14
2
13
4/
13
8
16
5/
18
5
18
5/
19
5
18
1/
18
1
18
 (
m
1)
12
 (
m
2)
10
 (
m
3)
22
/0
5/
03
15
8/
17
0
17
0/
18
4
15
8/
15
8
25
8/
27
8
28
4/
29
2
27
8/
27
8
19
4/
21
0
20
6/
21
0
20
2/
21
0
13
4/
13
6
13
6/
14
2
13
4/
13
8
16
5/
18
5
18
5/
19
5
18
1/
18
1
12
  (
m
1)
 
12
 (
m
2)
4 
 (
m
3)
31
/0
5/
03
15
8/
17
0
17
0/
18
4
15
8/
15
8
25
8/
27
8
28
4/
29
2
27
8/
27
8
19
4/
21
0
20
6/
21
0
20
2/
21
0
13
4/
13
6
13
6/
14
2
13
4/
13
8
16
5/
18
5
18
5/
19
5
18
1/
18
1
21
 (
m
1)
7 
(m
2)
12
 (
m
3)
11
/0
6/
03
15
8/
17
0
17
0/
18
4
15
8/
15
8
25
8/
27
8
28
4/
29
2
27
8/
27
8
19
4/
21
0
20
6/
21
0
20
2/
21
0
13
4/
13
6
13
6/
14
2
13
4/
13
8
16
5/
18
5
18
5/
19
5
18
1/
18
1
21
 (
m
1)
7 
 (
m
2)
12
 (
m
3)
20
/0
6/
03
15
8/
17
0
17
0/
18
4
15
8/
15
8
25
8/
27
8
28
4/
29
2
27
8/
27
8
19
4/
21
0
20
6/
21
0
20
2/
21
0
13
4/
13
6
13
6/
14
2
13
4/
13
8
16
5/
18
5
18
5/
19
5
18
1/
18
1
13
 (
m
1)
15
 (
m
2)
12
 (
m
3)
30
/0
6/
03
15
8/
17
0
17
0/
18
4
15
8/
15
8
25
8/
27
8
28
4/
29
2
27
8/
27
8
19
4/
21
0
20
6/
21
0
20
2/
21
0
13
4/
13
6
13
6/
14
2
13
4/
13
8
16
5/
18
5
18
5/
19
5
18
1/
18
1
14
 (
m
1)
13
 (
m
2)
13
 (
m
3)
T
8
16
6/
19
6
24
8/
30
0
20
0/
20
6
13
0/
13
8
17
1/
18
5
22
/0
5/
03
18
0/
19
4
27
8/
30
0
19
2/
21
2
13
0/
13
2
17
9/
18
5
32
01
/0
6/
03
18
0/
19
4
27
8/
30
0
19
2/
21
2
13
0/
13
2
17
9/
18
5
40
04
/0
7/
03
18
0/
19
4
27
8/
30
0
19
2/
21
2
13
0/
13
2
17
9/
18
5
40
16
/0
7/
03
18
0/
19
4
27
8/
30
0
19
2/
21
2
13
0/
13
2
17
9/
18
5
39
2.indd   19 5/28/17   3:51 PM
Juanita Joseph et al.    20
J. Sustain. Sci. Manage. Volume 12(1) 2017: 12-22
in the subsequent clutches (Table 3). Out of 
the seven multiple clutches, only three were 
multiply sired (S12, T2 and T4). FitzSimmons 
(1998) also reported the identical paternity for all 
successive clutches of nine green turtle females 
from the southern Great Barrier Reef. Other sea 
turtles also exhibit the same paternity across 
multiple clutches laid by individual females of 
Kemp’s ridley (Kichler et al., 1999), leatherback 
turtle (Crim et al., 2002), loggerhead (Moore 
& Ball, 2002) and hawksbill turtle (Joseph & 
Shaw, 2011). These data are consistent with 
the hypothesis of sperm being stored from 
mating(s) prior to nesting and being used to 
fertilize all subsequent clutches of eggs that 
season without additional inter-nesting mating. 
This also suggests that females do not mate with 
new (extra) males during the egg-laying season. 
Sperm storage is considered to play an important 
role in reproduction of turtles in which male and 
female cycles do not coincide. In sea turtles, 
mating only occurs at the beginning of the season 
and male sea turtles will migrate to the feeding 
areas once the mating season ends. Nesting of 
female sea turtles will take several months and 
sperm storage can increase the probability of 
fertilizing all clutches, particularly if males are 
a limiting resource or in a population of low 
density (Galbraith et al., 1993). 
Conclusion
This study demonstrates multiple paternity in 
green turtle clutches - suggesting that multiple 
paternity might be a common breeding strategy 
of green turtle populations in Malaysia. Multiple 
paternity has positive implications for this 
endangered species because it can increase 
the effective population size, thus reducing 
the loss of genetic variability through drift 
(Sugg & Chesser, 1994). Furthermore, given 
the large energy involved in migration and egg 
production, it may be advantageous for female 
sea turtles to have multiple matings to reduce 
the risk of mating singly with sterile males. It 
is also concluded from this study that there is 
sperm storage in nesting female green turtles 
from Malaysia, and that mating probably only 
occurs prior to the beginning of the nesting 
season. 
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